Objective/Background: To conduct a randomized controlled trial to test the efficacy of a culturally tailored heart failure (HF) education program, to reduce HF hospital readmissions and/or cardiovascular disease death (HF outcomes) among Native Hawaiian and Other Pacific Islander (NHOPI) patients with HF. Methods: One hundred fifty HF patients aged ≥21 years, NHOPI race, and discharged to home were enrolled and randomized to the Mālama Puʻuwai Program (MPP) or the usual care (UC). The MPP group received a culturally tailored HF program, and the UC received similar standard HF education materials. Clinical and health behavior data were measured at baseline and 12 months. HF outcomes were monitored throughout the entire study period. Two-sample t-test, chi-square, and Cox proportional hazard modeling assessed the efficacy of intervention (MPP or UC) on HF outcomes using an intention-to-treat approach. A sensitivity post hoc analysis was performed on patients who completed the full intervention (n=127). Results: Overall, 69% were men, mean age 54.4±13.4 years, 62% were Native Hawaiian, and 24% reported methamphetamine use. More UC participants reported methamphetamine use (32% vs. 16%), hypertension (81% vs. 63%), but less myocardial infarction (27% vs. 48%). HF outcomes were higher in UC (31%) compared with MPP (19%) with higher risk for HF outcomes (hazard ratio [HR] 1.74; 95% CI: 0.89-3.40). Sensitivity post hoc analysis of intervention compliance revealed that UC was at significantly higher risk for HF outcomes than MPP (HR 2.83; 95% CI: 1.19-6.72). Conclusions: Culturally tailored HF programs have the potential to reduce HF outcomes among compliant minority patients with HF such as NHOPI.
Introduction
Heart failure (HF) is a major contributing factor to death and hospitalization that places a significant health burden on the US population because of increased health care costs, lower quality of life, and premature death.
1,2 An estimated 5.7 million Americans over the age of 20 years are affected, with total health care costs estimated to reach $30.7 billion. 1, 3 Most of these costs arise from expensive HF symptom exacerbations requiring emergency visits and hospitalizations. [3] [4] [5] Racial and ethnic minority populations in the US are particularly at an increased risk for developing HF as well as readmission and reduced survival from HF and cardiovascular disease (CVD). African Americans are at the greatest risk for developing HF followed by Hispanics, Whites, and Chinese, reflecting differences in the prevalence of hypertension (HTN), diabetes, and lower socioeconomic status. 6 Moe and Tu found that a few of the key differences in HF across ethnic groups are underlying cause of HF, response to treatment, and age of onset in patients. 7 Among Canada's ethnic minority populations such as Southeast Asians and Chinese, HF is reported to occur at younger ages and occurs comorbidly with HTN and diabetes more frequently than with Whites. 7 For African-American patients, the etiology of HF is less likely to be due to coronary heart disease compared with Whites. [8] [9] [10] Among Native Hawaiian and other Pacific Islanders (NHOPIs), methamphetamine has been associated with HF and may even represent a potentially reversible form of cardiomyopathy. 11, 12 To improve the health outcomes (i.e., HF readmissions, premature CVD death, and so on) of HF patients, a number of intervention programs have been developed to provide patient-specific personalized educational information. 13, 14 Several HF educational interventions have been implemented worldwide, yet there remains uncertainty as to their universal effectiveness at reducing hospital readmissions and deaths in HF patients. 15, 16 In addition, many HF patients remain challenged with HF information that is often culturally irrelevant and difficult to comprehend and to apply in the context of their day-to-day lives. 17, 18 The objective of this study was to conduct a randomized controlled trial (RCT) to test the efficacy of the Mālama Puʻuwai Program (MPP), a culturally tailored education program, to reduce HF hospital readmissions and/or CVD death among NHOPIs with HF.
Method

Participant recruitment and eligibility
The Mālama Puʻuwai (Caring for Heart) Study (MPS) enrolled 150 NHOPIs (e.g., Native Hawaiian [NH], Samoan, Tongan, Tahitian, Maori, Marshallese, and so on) with diagnosed cardiomyopathy who were hospitalized at the Queen's Medical Center, the largest tertiary care hospital in the State of Hawaii, where the largest concentration of NHOPIs resides. 19 Between June 2006 and April 2009, potential participants were identified during the index hospitalization if they self-reported NHOPI and/or if they had a past medical history of HF or cardiomyopathy. Patients who were initially screened positive were confirmed by medical records for eligibility. The eligibility criteria included 1) ≥21 years of age, 2) International Classification of Diseases, Ninth Revision (ICD-9) code for HF or cardiomyopathy, and 3) left ventricular ejection fraction (LVEF) of ≤40% or LVEF of ≤60% and evidence of abnormal diastolic function on echocardiogram. Patients were excluded for any of the following: 1) HF due to high-output states or transient noncardiac disease, 2) with a terminal illness (<6-month survival), 3) living in nursing home or institutional facility, and 4) hemodialysis or peritoneal dialysis. All participants provided written informed consent prior to randomization. After collection of baseline data, participants were assigned to either the MPP arm or the usual care (UC) arm using a simple 1:1, unblinded randomization process using a computerized random number generator 20 ( Figure 1 ).
Assessment instruments
The following clinical, behavioral, medical, social history, and demographic information were collected by certified research staff interviewers at baseline and at 12-month follow-up with key clinical data (i.e., any adverse events) verified by medical record review. The interviewers were trained using a standardized procedure for administering each questionnaire including adherence to the standardized protocol, use of nonjudgmental attitudes, degree and nature of prompting, appropriate problem solving, and proper handling of participants' comments. 21 Three health behavior questionnaires were administered: Kansas City Cardiomyopathy Questionnaire (KCCQ), the 10-item short form of the Center for Epidemiological Studies of Depression Scale (CES-D), and the Short Form (12-item version 2) Health Survey (SF-12 v2). The KCCQ is a wellvalidated 23-item questionnaire, which has been validated with HF patients. 22 The 10-item CES-D is a well-validated measure of the cognitive, affective, and behavioral symptoms of depression in which participants rank the frequency of symptoms experienced in the last week. 23 The SF-12 v2 measures the mental and physical aspects of health-related quality of life across eight specific domains. 24 All three health behavior questionnaires showed good internal consistency indices at baseline based on this study's sample (i.e., Cronbach's alpha=0.82, 0.84, and 0.85 for the KCCQ, CES-D, and SF-12 v2, respectively).
Clinical and anthropometric measurements (e.g., blood pressure, pulse, body mass index [BMI]) were measured at baseline and all research visits according to standardized research protocol. 25 The medical history variables, assessed by self-report, were myocardial infarction (MI), cardiac arrhythmia, cardiac valvular disease, cerebrovascular disease, HTN, and diabetes mellitus (DM). Cardiac medications were also assessed by self-report and categorized by therapeutic class (e.g., angiotensin-converting enzyme inhibitor, angiotensin II receptor blocker, beta-blocker, diuretic, digoxin, spironolactone, aspirin, warfarin, and calcium channel blocker). 
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CVD outcomes, heart failure, and cultural education program Primary cause of heart disease and Charlson comorbidity index were determined by ICD-9 codes of participants' medical records reviewed by a physician from the index hospitalization. Ischemic heart disease was identified by the ICD-9 codes of 410-414. Charlson comorbidity index was computed based on three-digit ICD-9 codes of up to 10 diagnoses. 26 
Intervention program materials
The MPP, the culturally tailored heart health intervention, consisted of four education modules, which were developed based on focus group discussions and informant interviews from NHOPI patients and their caregivers who provided their perspectives on and preferences for managing their health (Supplementary material). 27, 28 Guidelines and educational materials from the Heart Failure Society of America also informed the development of the MPP educational topics and materials. The MPP was delivered in-person by a trained and certified nurse educator who delivered one of the four modules every 2 weeks for 8 weeks. The UC arm also consisted of four sets of written educational materials of similar content and delivered to the participant by postal mail every 2 weeks for 8 weeks. The UC arm participants also received a follow-up phone call by research staff to verify the receipt of the materials and to inquire about whether the participant had any questions on the educational materials sent. After the 8-week intervention period, all participants (MPP and UC) entered the 10-month monitoring phase when the research staff contacted patients by phone weekly for 4 weeks, then monthly for the remaining months until a total period of 12 months from randomization were completed.
Research visits and outcome assessments
All research visits were conducted according to protocol and performed by staff who were not involved with the MPP educational program delivery. All participants were tracked for hospital readmission and/or mortality until study end. HF readmission and CVD mortality were defined according to standardized protocol. 29, 30 All death and hospital readmissions were confirmed by medical record review and adjudicated by an independent Outcomes Committee of physicians trained and certified according to a standardized CVD outcomes adjudication protocol. 29 The data were electrically captured and monitored to detect data entry errors including omission, errors, and duplicates. An independent data safety monitoring board conducted interim analyses of the MPS data every 6 months to evaluate participant safety and study performance until the end of the study. The study was approved by the Institutional Review Board at the University of Hawaii and the Queens Medical Center. This study is registered at the National Clinical Trials registry as NCT00101465. 
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Statistical analysis
Descriptive statistics were reported using mean and standard deviation for continuous variables and frequencies and percentages for categorical variables. Differences between the two arms were compared at baseline on all variables using chi-square tests or Fisher's exact tests for categorical variables and two-sample t-tests for continuous variables. The rate of HF readmission or CVD death was compared using MantelHaenszel chi-square test and relative risks were computed.
To evaluate the effect of the MPP, an intention-to-treat (ITT) principle was applied to time-to-event analysis. Time to event was defined as the number of days from baseline to HF readmission or CVD death (defined as HF outcomes), whichever comes first. Kaplan-Meier curves were generated to illustrate the outcome between treatment arms. Cox proportional hazard models were used to assess the effect of the intervention on HF outcomes that significantly differed between study arms at baseline (i.e., history MI and history HTN). A backward elimination method was used to develop a parsimonious model that adjusted for age, gender, and significant baseline variables. As a sensitivity analysis, per-protocol (PP) analyses were performed post hoc to determine the effect of intervention compliance on the primary outcome of the study. 31 PP analyses investigated the patterns of "dose-response," defined as the number of education modules received by participant on HF outcomes. The Cox proportional hazard models were adjusted for the same covariates used in the ITT analysis. The modified ITT analysis included only participants who received all four educational modules (n=127: MPP, n=57; UC, n=70). Comparison of baseline variables and HF outcomes on the participants excluded from the modified ITT analysis found no significant differences in any baseline variables or HF outcomes between subjects in the modified ITT analysis and participants excluded from the modified ITT analysis (data not shown). All analyses were considered statistically significant if p<0.05 and were performed in SAS version 9.4.
Results
The mean age of the entire study population was 54.4 years (±13.4), with 69% men, 44% married, and 62% NH (Table 1) . Overall, 24% of the participants reported a history of methamphetamine use, 49% reported a history of DM, and 72% a history of HTN (Tables 1 and 2 ). The two arms of the study (75 participants per arm) were well balanced with no significant differences in severity of LVEF, mean BMI, 
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CVD outcomes, heart failure, and cultural education program number and type of cardiac medications, as well as resting blood pressure levels at baseline (Tables 1 and 2 ). Significant baseline differences included a greater proportion in the UC arm reporting methamphetamine use (32% vs. 16%, p=0.02), nonischemic cause for HF (65% vs. 48%, p=0.03), and history HTN (81% vs. 63%, p=0.01) (Tables 1 and 2 ). In the MPP arm, history MI was significantly higher than in the UC arm (32% vs. 16%, p=0.02) ( Table 2) .
Among the 150 participants, only 11 deaths occurred during the study period (UC=5 vs. MPP=6) and was not significant (Table 3A) . A total of 58 all-cause readmissions occurred with 29 (50%) hospital readmissions due to HF (Table 3B) . Eight participants (four in each arm) had CVD death, while HF readmissions were 19 (25%) in UC versus 10 (13%) MPP groups, indicating a 47% reduction in HF readmissions in the MPP arm (p=0.06). Compared with UC, fewer participants in the MPP experienced HF outcomes, a combination of HF readmission and CVD death, resulting in a 39% reduction over UC (p=0.09) although not statistically significant (Table 3A) . Figure 2 illustrates a Kaplan-Meier curve using an ITT approach. At 6 months, HF outcomes occurred for 16 UC participants (21%) and 12 MPP participants (16%). To assess the efficacy of the MPP, a Cox proportional hazard model was performed using a backward elimination method with age, gender, the significant baseline variables (i.e., methamphetamine use; primary cause of heart disease; history of MI, HTN, DM, and CES-D), and their interactions with treatment arm. None of the significant baseline variables remained in the final model, resulting in adjusting for age and gender only. In the final model, the UC arm had a higher risk for HF outcomes compared with the MPP arm though it did not reach statistical significance (hazard ratio [HR] 1.74, 95% CI: 0.89-3.40, p=0.11). PP sensitivity analyses were performed to determine the impact of intervention compliance on primary HF outcomes. Compared to UC, Mild (45%-60%) + diastolic dysfunction 31 (21) 13 (17) 18 (24) 0.26 Mild-moderate (40%-44%)
13 (9) 9 (12) 4 (5) Moderate (35%-39%)
17 (11) 8 (11) 9 (12) Moderate-severe (30%-34%)
16 (11) 11 (15) 5 (7) Severe (<30%) 71 (48) 33 (45) 38 (51) Primary cause of heart failure* Ischemic, n (%) 65 (43) 26 (35) Using a modified ITT approach that included only participants who received all four modules/sets (n=127, MPP=57, UC=70), we found 7 participants (12%) in the MPP readmitted for HF or CVD death compared with 21 participants (30%) in the UC (relative risk 0.41, 95% CI 0.19-0.89, p=0.02), indicating a 59% reduction (Table 3B) . Cox proportional HR for the UC was 2.83 times higher than 
Figure 2
Kaplan-Meier curve of heart failure outcomes (heart failure readmission and cardiovascular disease death) using modified intention-to-treat approach (N=150). Notes: For time-to-event analysis, Cox proportional hazard model was used adjusted for age and gender. Event was defined as heart failure readmission or mortality due to cardiovascular disease. Abbreviations: CVD, cardiovascular disease; HF, heart failure; HR, hazard ratio; CI, confidence interval. 
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CVD outcomes, heart failure, and cultural education program those of MPP (95% CI=1.19-6.72, p=0.02), indicating that the MPP had reduced HF outcomes by more than twofold compared with UC participants who received the full HF education program (Figure 3 ). The Cox proportional hazard model using a modified ITT approach parallels the primary analysis trends using an ITT approach and suggests that intervention compliance of the MPP is likely to have been a key factor in reducing HF outcomes in NHOPIs with HF.
Conclusion
To our knowledge, this is the first study to investigate the efficacy of a culturally tailored HF education program, entitled the MPP, to reduce HF outcomes in NHOPIs. The MPP was designed to address cultural factors (e.g., cultural value of health, cultural foods relevant to HF [i.e., salt], and coping with emotions culturally) while ensuring that core HF selfmanagement skills would be enabled to educate patient's and/ or their family support system as a means to improve health outcomes. 27, 28, 32 Our study focused solely on NHOPIs with HF because they are at high risk for HF disparities and are often excluded or nonexistent in larger HF efficacy trials aimed at improving HF outcomes. 27, 33 We hypothesized that a culturally tailored intervention would be necessary and better than UC among NHOPIs with HF because NHOPIs have a unique sociocultural, linguistic, and demographic background that influences health behaviors that are fundamental to patient self-management of HF care. 11, 27, [33] [34] [35] Interestingly, NHOPIs enrolled in this study were also clinically different compared to the general HF population as they were younger (mean age 54.4 years), had a higher BMI (mean 35.6 kg/m 2 ), a higher proportion were methamphetamine users (24%), and had a primary nonischemic cause of HF (57%). 1, [6] [7] [8] 12 We propose that the cumulative effect of these risk factors could pose important challenges to day-to-day management of HF. 36, 37 Although the MPP was not specifically designed to address illicit drug use or other social determinants experienced by NHOPI HF patients, the program did include NHOPI cultural factors (i.e., eating cultural foods, NH language, and motivational NH proverbs). Thus, the MPP provided a cultural context for the learning of evidence-based HF self-management to NHOPI patients who are at high risk for adverse health outcomes. In this study, we found that culturally tailored HF education programs, such as MPP, are effective at preventing adverse health outcomes (i.e., HF readmissions or CVD death), but only with full compliance of the program.
Not surprisingly, our results are similar to other minority populations in which HF is not a "cardiogeriatric" syndrome. 34, 38 Indeed, our results parallel the demographic profile and clinical characteristics of African Americans in the US, Asians in Canada, and Australian Aborigines with HF in which the mean age of HF patients are 10-15 years younger than Whites with HF. 13, 34 Our results are consistent with the literature on HF intervention programs that reported that most, but not all, nonpharmacological interventions were found to reduce HF outcomes compared with the UC. 13, 39 Our results similarly showed trends toward improved outcomes that reached significance only after conducting a sensitivity analysis for compliance that included only participants who received the full four modules/sets of educational materials (modified ITT).
One strength of our study is the long-term outcomes (12 months) and the RCT design to test an intervention that Figure 3 Kaplan-Meier curve of heart failure outcomes (heart failure readmission and cardiovascular disease death) using modified intention-to-treat approach* (N=127). Notes: *Modified intention to treat = inclusive of all participants who completed entire education program (four modules). Abbreviations: CVD, cardiovascular disease; HR, hazard ratio; CI, confidence interval; HF, heart failure. integrates social, cultural, and clinical factors in a high-risk minority population. More alternative approaches are needed to engage high-risk patient populations and their families to overcome the complex task of HF disease management that is patient centered and family supported. 7, [40] [41] [42] The majority of HF RCTs examined readmission at 30 days to 6 months postdischarge compared with our study that followed participants for 12 months. 34 Of note, we acknowledge a number of limitations of our study including enrollment of a single racial population of HF patients, NHOPIs, which may limit the generalizability of our findings on efficacy of the MPP to other minority populations such as Blacks, Hispanic/ Latino, or Asian HF patients who are also at high risk but have distinctly different cultural and sociodemographic circumstances. Our study does suggest that appropriately designed nonpharmacological programs for high-risk HF patients may be a promising population-specific approach to improve HF outcomes. Another limitation of our study was the recruitment of patients from a single tertiary care hospital, though it is the largest hospital in a state that has the highest concentration of NHOPI in the US. These factors may have contributed to the relatively small sample size of NHOPIs enrolled. This, in turn, may have impacted the study's ability to reach statistical significance despite positive trends.
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In summary, the results of the MPS demonstrate the importance of intervention compliance in educational or behavioral interventions to optimize clinical outcomes. Many studies have found a "dose effect" with educational interventions for disease management in which the number of lessons received or attended was associated with better clinical outcomes. [43] [44] [45] This is especially important for severe and complicated medical conditions, such as HF, in which it is important that patients learn about and manage all aspects related to their medical condition (e.g., complex medication regime, drastic sodium reduction in diet, and reducing edema). A "dose-response" of behavior changes according to the number of educational modules received has been reported in other behavior interventions similar to the MPP. [43] [44] [45] The MPP effectiveness in reducing HF outcomes is also consistent with other educational intervention studies in which intervention "compliance" has an important role in determining efficacy.
Our study also contributes to our understanding of HF disparities, but only in a single minority population, NHOPIs, and this may limit the generalizability of our results to other HF patients. However, the MPS is the largest HF outcome RCT among NHOPIs, and our results are consistent with multiple studies among other racial/ethnic minorities that have reported positive results with educational programs to improve readmission rates. 34, 40, 46 This suggests that among similar high-risk ethnic minority patients, ethnic-specific, tailored interventions may offer promising tools for improving health outcomes.
